Abstract-Heart failure is a significant concern for elderly people. Serious problems can result if elderly people do not take appropriate action to prevent medical issues. As a solution, smart watches can be used to monitor heart rate. These devices can also allow families, relatives, friends and health-care providers to visualise the heart rate data via a smartphone application or online website. Smart watches have limited functionality, and experiments were conducted to test the functionality they provide to elderly persons, including heart rate monitoring. The results show that there is currently no proactive action that can be taken when an abnormal heart rate occurs. This paper proposes a complementary approach using a knowledge-based system with rule-based reasoning to improve and enhance the services delivered by smart watches used to monitor heart rates.
INTRODUCTION
Heart rate (HR) or pulse rate represents the number of times a heart beats each minute. The determination of what a normal heart rate is depends on many factors, such as age, body size, movement, exercise, and heart conditions. A normal heart rate can be between 70 and 100 beats per minute (bpm) [1] .
In the United States (US), by 2030, it is projected that more than 8 million people will be diagnosed with heart failure (HF). The cost of HR treatment in 2012 was $31 billion, and it is estimated to reach $70 billion in 2030. The cost of treatment for HR in people who are 65 years of age and older is expected to increase from 69% in 2012 to 80% in 2030 [2] .
In the US in 2009, 75% of patients who were hospitalised for HF were 65 years and older, and the cost of treatment was $37.2 billion [3] .
In the United Kingdom (UK), cardiovascular disease (CVD) is the second leading cause of death, accounting for 28% of fatalities in 2014. The cost of treating CVD in England was more than £6.8 billion in 2012 [4] .
The United Nations defines elderly people as people aged 60 years and older [5] . In 2015, the ageing population in the Kingdom of Saudi Arabia (KSA) was 5%. It is estimated that the ageing population will be at 20.9% in 2050. Furthermore, by 2100, this number is expected to increase dramatically to 33.5% [6] .
In Saudi Arabia, roughly 20.7% of elderly people show up at primary health-care (PHC) facilities, and many fail to receive a proper diagnosis [7] . On some occasions, this leaves elderly people unable to obtain placement in beds at hospitals [8] .
HF is a major concern for elderly people in the KSA [9] , [10] . Elderly people often experience health issues that differ from those that they may have encountered when younger. As they age, they may need support in their daily activities and monitoring of their health [11] - [13] . Thus, the demographic issues related to elderly people and HF requires a suitable device for monitoring heart rate in elderly people. This paper is organised as follows: Section II describes smart watches, while Section III discusses its methodology. Section IV identifies the complementary approach, and finally, the conclusion and directions for future work are presented in Section V.
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II. SMART WATCH

A. Motivation
The motivation for this research arose because some smart devices use accelerometers to monitor elderly people. However, if a failure occurs when an elderly person is watching TV, this will not be recognised by the device. A question was raised regarding the potential for determining whether an elderly person is alive or dead when he/she is watching TV in a home equipped with a variety of sensors, such as emotion, blood pressure, and temperature sensors.
B. Definition
Smart watches are computing devices whose operating systems offer limited capabilities [14] , [15] . Smart watches have been used to monitor heart rate [16] through the use of sensors based on light technology that measure the rate of blood flow, as controlled by the pumping action of the heart [17] .
C. Preferences
The major aim of this study was to provide a technology that elderly people in Saudi Arabia could use to monitor their heartbeat and thus manage issues associated with HF.
Results of a questionnaire distributed in the KSA demonstrated that elderly people in the country prefer wearable devices [18] . Therefore, smart watches were used in the experiments conducted.
D. Problem
Many smart watches are currently available on the market. We investigated the features of these smart watches in terms of the monitoring of heart rate. We found that most use applications and websites to visualise the heart rate data of the elderly person being monitored, and no specific actions can be taken if an abnormal heart rate occurs.
E. Objective
The objective of this paper is therefore to propose a complementary approach for smart watches that will provide a proactive response through the use of a knowledge-based system with rule-based reasoning. We used two smart watches (Apple Watch and Fitbit) to conduct the study and propose a complementary approach.
III. METHODOLOGY
A. System Requirements and Components
Two concerns were considered important in choosing the smart watches: the presence of heartbeat sensors and compatibility with other devices.
The Internet is the basis for use of the device. A Bluetooth network is used to connect the smart watch with the mobile application installed on a smartphone or computer. This assists in synchronising the data from the smart watch to the mobile app. The smartphone uses a wireless connection to transfer data from the mobile app to the web portal. Fig. 1 provides an overview of the components and process.
B. Mobile App
The mobile app is an application built by the smart watch provider to offer various services. In this study, the mobile app was installed on the elderly person's smartphone. A user name and password were created on a login screen upon receipt of the device.
C. Online Portal
The online portal is a website that allows users to visualise all activities and data whenever needed. For the current study, we focused on data related to heart rate. The data were uploaded to the online portal via the mobile app.
D. Experimental Case
An elderly person over the age of 60 was given a smart watch and monitored in two town locations and during his normal activities, including when he was driving. Ethical approval was granted before the experiment began. The elderly person was first monitored for seven days from February 18-24, 2016, in Stafford and Chepstow in the United Kingdom. Fig. 2 presents the 24-hour maximum and minimum heart rates for the seven days. The maximum rate was 149 bpm, and the minimum rate was 65 bpm. February 18, 19, and 20 displayed abnormal figures, as shown in Fig. 3 .
Thus, we contacted the elderly person to determine the reasons and learned that the abnormal readings were due to the person exercising, causing an elevated heart rate. The minimum rate was roughly as described in the literature review. The elderly person was then monitored for five days from May 20-24, 2016 in the towns of Stafford and Chepstow in the United Kingdom. Fig. 4 presents the daily maximum and minimum heart rates for five days, from 7:30 a.m. to 11 p.m. The maximum rate was 197 bpm, and the minimum rate was 58 bpm. On May 21, 2016, the heart rate was 197 bpm, as shown in Fig. 5 , which is quite high, indicting an abnormal occurrence. We contacted the elderly person immediately after noticing the high pulse and learned that the elderly person was rushing to meet a deadline. However, the heart rate was within the normal range on all other days (Fig. 4) .
The elderly person was monitored using a web portal via a laptop or smartphone from three different countries: 1) Stafford, United Kingdom, 2) Jeddah, Saudi Arabia, and 3) Los Angeles, United States. The experimental process is illustrated in Fig. 6 However, during the monitoring, the results show that we were only able to visualise the heartbeat data. The system currently does not take action when an abnormal even occurs. Helpful actions could include sending an alert message to family, relatives or health-care providers; dispatching a doctor or nurse; or dispatching an ambulance.
Clearly, these kinds of systems require families, relatives and health-care providers to constantly monitor the elderly person's heart rate, which can be extremely time consuming. In practice, smart watches are not linked to any support system of health-care providers and are mainly used to display visual data to the individual. Therefore, we believe we can further develop these systems by adding features that will assist elderly persons with being healthy, independent and possibly living longer in their desired environment. Thus, we propose an approach to advance the current monitoring applications and systems, most of which only present the data.
E. Knowledge-based System
A knowledge-based system (KBS) works by transferring knowledge for use in resolving issues and problems [19] . A KBS can be used to generate an intelligent action within a smart watch. Here, a KBS will be used along with rule-based reasoning, which is important for this approach. Rule-based reasoning is responsible for generating solutions based on the data [20] , [21] acquired from the smart watch.
The KBS acts as an expert system that can make appropriate decisions and take action when an abnormal event occurs. A set of rules will be developed according to the results from individual questionnaires regarding respondents' normal daily activities, the outcomes of the Community of Practice (CoP) and the literature. "Communities of Practice are groups of people who share a concern or a passion for something they do and learn how to do it better as they interact regularly" [22] . This concept has been outlined in previous work in which details of the model are presented [23] .
IV. COMPLEMENTARY APPROACH
The proposed approach is based on the results of the experiment, with the goal of giving the elderly person an appropriate smart watch that can meet their needs.
The experimental results show that curently, no intelligent actions can be taken when abnormal events occur. Therefore, a KBS should be built as an expert system that can take appropriate actions when abnormal conditions occur. Rule-based reasoning is the most common option for creating a KBS. It can be represented through 'if…then' condition rules to determine the current status and assign appropriate solutions.
An example of a rule-based system is illustrated in Fig. 7 . Rule-based software will be purchased and modified according to the requirements defined by the CoP, the results of the elderly individuals' questionnaire based on their daily activities and the analysis of focus groups.
The expert system will determine exceptions and issues related to elderly persons and will execute and run a set of rules to decide the appropriate action to resolve the issue and activate a proactive system if required.
The smart watch collects the data from the elderly person and records them in a database system. Each person has a profile associated with his/her personal information stored in the database. Therefore, if the heart rate is less than 60 bpm or more than 100 bpm, the system may check the person's profile and apply the following procedures or rules: Firstly, the system should try to contact the elderly person by telephone/text. If no response is received after a specified period, then:
1. if approval has been previously given to turn a camera on, a. the system will check the person's health; if the person is ok, it will turn the camera off and store the data; or 2. if approval not been given to operate a camera, a decision is made to: a. telephone/text the elderly person again: i. if the elderly person responds satisfactorily, the system will store the data; or ii. if elderly person does not respond, then the system will text or call the family. In this research, we have used two different types of smart watches to monitor an elderly person in different locations. The elderly person was monitored from three different countries. The results show that the systems currently installed and incorporated into smart watches are only meant for visualisation; no intelligent action can be taken when abnormal events occur. Therefore, we present a complementary approach for these systems by proposing a knowledge-based system combined with a rule-based system. Future work will include conducting a CoP with Age UK to gain knowledge about their system. The goal of this will be to share information and experiences with practitioners. This technique will help researchers transfer the knowledge from Age UK to the stakeholders in the KSA. This will be accomplished by holding meetings and documenting the mission, objectives, and processes. Experimentation using ZigBee technology for monitoring the movements of elderly people will also be undertaken to integrate smart watches with collected data from personalised daily activity questionnaires to identify the subjects' usual activity patterns.
Case-based reasoning will be investigated as an option for building the KBS and will be compared with the rulebased reasoning to determine the appropriate choice.
